RNA extracted from the luminescent bacterium Vibrio harveyi was translated in an Escherichia coli system. RNA from highly luminescent cells produced both a and P subunits of luciferase in vitro, as confirmed by immunoprecipitation and partial proteolysis. RNA from cells before induction of luminescence did not direct luciferase synthesis.
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The striking increase in bioluminescence observed during the late exponential growth of the bacterium Vibrio harveyi is correlated with the induction of luciferase activity (5, 9) . Radioactive labeling of proteins in vivo has shown that luciferase and several other proteins are coordinately induced with luminescence (7, 10) . The present study demonstrates that the induction of luciferase in vivo is the result of an increase in mRNA specific for both the a and 1B subunits of luciferase.
Experiments to translate V. harveyi mRNA by cell lysates prepared from the bioluminescent bacteria were unsuccessful; endogenous protein synthesis was very low (<5% of that found with a RNase-negative mutant, MRE600, of Escherichia coli), and added mRNA produced no significant effect. It appears that the isolation of an RNase-negative mutant of V. harveyi may be necessary before preparation of an in vitro translation system from these bacteria can be accomplished.
In contrast, the addition of V. harveyi mRNA to MRE600 S-30 lysates, prepared as described by Nathans et al. (8) , increased protein synthesis 5-to 10-fold above levels unprimed by added RNA. This primed synthesis proceeded at a linear rate for at least 20 min and was inhibited by both initiation (aurin tricarboxylic acid) and elongation (chloramphenicol) inhibitors. Protein synthesis was dependent on the amount of V. harveyi RNA added, up to a concentration of at least 2 mg of RNA per ml in the translation system.
The optimum concentrations of individual components for protein synthesis directed by V. harveyi mRNA in the E. coli system were very similar to those used by Holmes et al. (4) , except that 1.0 mM phenylmethylsulfonyl fluoride and 25 ,uM pepstatin were included in our system, and the Mg2+ optimum (6 to 8 mM) was determined for each lysate. A reaction temperature of 26°C was chosen, since the rate of protein synthesis was linear for a longer time at 26°C than at 370C.
The total in vitro incorporation of [35 ]methionine into protein directed by V. harveyi mRNA was the same whether the mRNA had been isolated before or after induction of bioluminescence in the bacteria. However, analysis of the translation products by sodium dodecyl sulfatepolyacrylamide gel electrophoresis and autoradiography demonstrated the presence of additional bands when the translated mRNA had been isolated from cells induced for luminescence ( Fig. 1) . In particular, a distinct band at 44,000 daltons and an increase in band size at 34,000 daltons can be seen for the translation products of mRNA from induced cells (Fig. 1 , lanes C and D) compared to that from cells before the induction of luminescence (Fig. 1,  lanes A and B) . Also, when cells are labeled in vivo with [35S]methionine before and after induction of luminescence, it is clear that the 44,000-and 34,000-dalton polypeptides are detectable in V. harveyi only after induction of luminescence ( Fig. 1 , lanes E and F).
Immunoprecipitation of protein labeled in vivo with [35S]methionine by antibody directed against luciferase showed that very little protein precipitated from lysates of cells before the induction of luminescence (<0.5%), whereas up to 5% of the labeled protein could be precipitated from the induced cells, and this amount corresponded to the induced 44,000-and 34,000-dalton subunits (a and ,B) of luciferase. Immunoprecipitation of the translation products synthesized in vitro by the E. coli extract showed a direct correlation between the presence of the 544 NOTES 44,000-dalton luciferase subunit and the stage of induction of V. harveyi cells from which the mRNA had been isolated (Fig. 2, lanes F to I) . The 34,000-dalton subunit was only clearly apparent in immunoprecipitates of translation products directed by mRNA from highly luminescent cells (Fig. 2, lane I) . Several noninduced polypeptides, present in large amounts in the total products of mRNA isolated at different stages of luminescence (Fig. 2, lanes B to E) produced by partial digestion of the 44,000-and 34,000-dalton subunits synthesized in vitro were identical to those obtained on digestion of the immunoprecipitated a and ,B subunits synthesized in vivo by V. harveyi (Fig. 3) . Cleavage of the a subunit, synthesized in vitro, produced a 26,000 molecular weight band (Fig. 3, lane A) , which was not clearly observed in this particular digestion of in vivo-synthesized a subunit (Fig.  3, lane B) . However, this band was observed in other digestions of the a subunit made in vivo. Cleavage patterns for the 13 subunit synthesized in vitro and in vivo were identical (Fig. 3, lanes  C and D) . Similar polypeptide patterns were also observed on partial proteolytic digestion of the respective subunits from purified luciferase.
These results thus demonstrate that mRNA isolated from the bioluminescent bacterium V. harveyi can be translated in vitro by E. coli lysates into full-length a and 1 luciferase subunits. This conclusion was supported by (i) the identity in molecular weights of translation products with the known molecular weights of the a and 1 subunits, (ii) specific immunoprecitation of these translation products with luciferase antibody, and (iii) the identity between the pro- teolytic fragments of these in vitro products and those obtained by partial digestion of the a and 13 subunits of luciferase synthesized in vivo. Furthermore, the results also demonstrate that the induction of in vivo bioluminescence is directly correlated with an increase in mRNA specific for both a and 13 luciferase subunits.
The ability to prepare intact mRNA from V. harveyi and translate and identify specific products will be extremely useful for the further purification of the mRNA for the luciferase subunits. The heterologous cell-free proteinsynthesizing system has also recently been extended to form a coupled transcription-translation system by using micrococcal nucleasedigested E. coli lysates (2, 12) directed by V. harveyi DNA. These systems should prove of value for the identification and study of cloned luciferase DNA and the regulation of the bioluminescence operon.
